Congenital syndrome associated with Zika virus infection (CZS) and other infectious etiologies in São Paulo

Introduction
Zika virus (ZIKV) is an emerging arbovirus belonging to the Flaviviridae family, along with yellow fever, dengue, West Nile and Japanese encephalitis viruses. Zika virus was first isolated in a Rhesus monkey in the Zika forest in Uganda in 1947, thus receiving the name of its place of origin. 1, 2 Human disease caused by ZIKV was recognized for the first time in Niger in 1953, when viral infection was confirmed in three persons. 1, 2 The first documented outbreak occurred in 2007, on Yap Island, in the Federated States of Micronesia (Western Pacific). It was followed by a larger epidemic in French Polynesia, South Pacific, in 2013 and 2014. [3] [4] [5] In Brazil, a cluster of an unknown exanthematous disease was observed in several states in the country's Northeastern region in July 2014 and was reported by state health departments in February 2015. [5] [6] [7] On 29 April 2015, ZIKV was identified for the first time when a similar outbreak occurred in the state of Bahia. 8, 9 In October 2015, the Brazilian Ministry of Health confirmed an increase in the prevalence of microcephaly in newborn babies in the Northeastern region, compared to previously recorded estimates (approximately 0.5/10,000 liveborn infants), based on information registered on the National Birth Information System (SINASC). 7, 10 In view of the change in the pattern of microcephaly occurrence in Brazil, the Ministry declared a Public Health Emergency of National Concern (PHENC) via Ordinance No 1813/2015. 11 With evidence of a possible association between the change in the pattern of microcephaly occurrence and the recent outbreak of ZIKV infection, 12, 13 the spread of the disease in the Brazilian territory and worldwide, as well as the confirmation of ZIKV circulation by laboratory tests performed in various Brazilian Federative Units and in other countries, the event was classified as a Public Health Emergency of International Concern (PHEIC) by the World Health Organization (WHO). 14 The end of PHEIC was declared in November 2016. Notwithstanding the end of the emergency situation, WHO considered that ZIKV continues to be a challenge for Public Health. In Brazil, the declaration of the Public Health Emergency of National Concern remained in force until May 2017. 15 Traditionally, microcephaly cases were accompanied only via SINASC. From November 2015, case monitoring was was implanted via the Public Health Event Registration Form (RESP), this being an electronic form created by the Brazilian Ministry of Health for the compulsory notification of cases which fulfill current case definitions. 16 Following the reporting of cases of congenital Zika virus syndrome in several states and following the implementation of RESP, an increase in the notification of suspected cases of congenital syndrome associated with Zika virus infection was seen in São Paulo state. An investigation was undertaken to verify whether this fact reflected surveillance system sensitivity or the increase in the number of suspected cases of CZS.
The objective of this study was to characterize cases of congenital syndrome associated with Zika virus infection (CZS) and other infectious etiologies resident in the state of São Paulo, Brazil, between 2015 and 2017. 16 WITH report of rash or fever without a defined cause during pregnancy AND without laboratory result for STORCH+Zika; OR with negative or inconclusive laboratory result for STORCH+Zika in a sample taken from the mother or newborn baby; and as a probable case of congenital infection without etiological identification, any case of mothers WITHOUT reported rash or fever without a defined cause during pregnancy. b) Confirmed case of congenital STORCH infection:
Methods
This is
any suspected case with two or more signs and symptoms (imaging examination or clinical examination), 16 with positive or reactive result for at least 1 of the STORCH diseases in a sample taken from a newborn baby or its mother (during pregnancy); and confirmed case of congenital Zika infection, any suspected case with positive or reactive Zika virus result in a sample taken from a newborn baby or its mother. c) Discarded case: any case which, following investigation, does not comply with the definitions of confirmed, probable or inconclusive cases; and inconclusive case, any case which does not comply with the definitions and when it was no longer possible to investigate the case. Initially, the relative frequencies of suspected cases of CZS and other infectious etiologies (discrete quantitative variable) were described according to their classification. The temporal distribution of the absolute frequency of cases of CZS was plotted according to their classification, while spatial distribution was Figure 1 ).
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Of the 87 confirmed cases of congenital infection with etiologic identification, 55 were by Zika virus infection (CZS); the remaining 32 were caused by other infectious agents: 11 by syphilis, 10 by cytomegalovirus, 8 by toxoplasmosis, 1 by herpes simplex, 1 by Coxsackie virus and 1 by parvovirus.
Among the cases of infectious etiology, the proportion of confirmed CZS cases was 23.9% (55/230); and the proportion of congenital syndrome associated with infection by a STORCH was 13.9% (32/230).
Of the 55 laboratory-confirmed ZIKV cases, 23 were in newborn infants/children, 22 in miscarriages, 5 in fetuses with alteration of the central nervous system, 3 in early neonatal deaths, and two cases occurred in stillborn infants (Table 2) .
Of the 23 cases of newborn infants/children with CZS, 9 had microcephaly at birth and 8 presented severe microcephaly. Rash was the most frequently reported sign during pregnancy, being reported in 18 of the 23 pregnant women with laboratory-confirmed ZIKV, 12 of them during the first trimester. The main changes in imaging examinations of confirmed cases of CZS were calcifications (11 out of 23) and ventriculomegaly (9 out of 23) ( Table 2) .
Confirmed CZS cases showing no change in imaging examinations were confirmed by the presence of a clinical symptom (rash and/or fever) and CZS reactive PCR laboratory test in pregnant women and/ or newborn babies.
In all confirmed cases of CZS in which the child did have not microcephaly at birth, imaging examinations
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were performed to check for changes compatible with CZS, in addition to the reactive laboratory test result in pregnant women and/or children.
An increase in the number of notifications of suspected cases of CZS and other infectious etiologies was seen following the Public Health Emergency of National Concern was declared; while there was a decrease, in 2017 (Figure 2) .
Confirmed cases are concentrated in the southeast and northeast of the state (Figure 3 ).
Discussion
From 30 October 2015 to 30 June 2017, São Paulo state investigated 960 suspected cases of CZS, of which 230 met the criterion for relationship with infectious disease during pregnancy and 87 were confirmed for congenital infection with etiologic identification, demonstrating CZS circulation in the state. After the Public Health Emergency of National Concern was declared, there was an increase in the number of 
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notifications, as can be observed both here and in national studies. 7, 19 In this study, we found a proportion of 63.5% (146/230) of cases of congenital infection syndrome, including confirmed CZS cases, confirmed cases without etiological identification and confirmed cases of congenital syndrome associated with a STORCH. These data are compatible with national findings in the literature dedicated to the period of the Zika epidemic with cases of CZS. 7 The proportion of confirmed cases of congenital syndrome associated with the infection by a STORCH was 13.9%, with syphilis, toxoplasmosis, cytomegalovirus, herpes, Coxsackie and parvovirus being identified. This finding is compatible with a national study. 7 The proportion of confirmed CZS cases in São Paulo state was 23.9% among those suspected of having infectious etiology. If confirmed cases without etiological identification are added to confirmed ZIKV cases, this proportion is 49.5% (114/230). It can be inferred that these were ZIKV cases, because the infectious causes had been discarded and the clinical and radiological findings were compatible with ZIKV.
The main changes found in imaging examinations were calcifications and ventriculomegaly. These findings were consistent with the case series published by Aragon et al., when describing the findings of post-natal imaging examinations in 23 children with presumed ZIKV infection. Guillemette-Artur et al. reported similar findings in a three-patient series using fetal magnetic resonance imaging. Confirmed cases are concentrated in the southeast and northeast of São Paulo state, where there was a greater number of ZIKV infections in 2016. 23 Of the 55 cases of CZS, the majority were newborn infants/children, followed by cases of miscarriage. The majority of publications on previous CZS infection have focused on changes in the central nervous system and on other congenital malformations caused by the virus to the fetus or newborn. 24 Few articles discuss possible adverse obstetric outcomes associated with ZIKV infection. Chibueze et al. 25 conducted a systematic review and concluded: of the 142 eligible articles, 18 met criteria for inclusion (13 case series studies and five observational studies), and few studies reported cases of miscarriages and stillbirths in pregnant women infected by ZIKV. Cohort studies are urgently needed with the purpose of clarifying whether ZIKV infection increases the risk of miscarriage. 26 As observed in other studies on microcephaly, conducted in Brazil, 21 most of the mothers reported having rash in the first trimester of pregnancy, similarly to the results found in this study. It is known that the embryonic period presents the highest risk for multiple complications arising from infectious processes. [28] [29] [30] A study conducted by Johansson et al. 29 demonstrated that different rates of Zika virus infection in the population, underreported microcephaly rates and trimester of pregnancy in which Zika virus infection occurs are factors that determine different microcephaly prevalence rates, varying between 2 and 12 cases per 10,000 births.
20-22
Microcephaly prevalence in São Paulo state, according SINASC system data, increased threefold in the period 2015-2016, passing from 3.46 cases per 10,000 live births (LB) in 2015 to 9.52 cases per 10,000 LB in 2016, as demonstrated in other studies. 30 This increase was more evident in some municipalities of the state, such as Campinas (8.02 cases/10,000 LB in 2015; 50.01 cases/10,000 LB in 2016), Ribeirão Preto (5.65 cases/10,000 LB in 2015; 44.14 cases/10,000 LB in 2016), Jundiai (0.00 cases/10.000 LB in 2015;41.22 cases/10,000 LB in 2016) and São José dos Campos (0.00 cases/10,000 LB in 2015; 14.27 cases/10,000 LB in 2016). The Among the methodological limitations of this study, it is possible to mention: (i) the recording of incomplete information inherent to surveillance systems routines; (ii) the absence of timely collection of clinical samples to enable identification of ZIKV in mothers and children; (iii) high laboratory specificity using only the RT-PCR assay for ZIKV diagnosis in pregnant women, because serology is not availabile at the time of investigation; and (iv) the absence of full STORCH investigation for all cases.
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The results presented in this report demonstrate sensitivity not only of the notification system but also of health professionals, after the Public Health Emergency of National Concern was declared, in addition to the identification of CZS cases in São Paulo state. Further studies of a prospective design need to be carried out in that state in order to better understand the circulation of Zika virus and its association with congenital syndrome.
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